In this study, we evaluated the efficacy of a micro-immunotherapy medicine (MIM), 2LALERG, in a preclinical model of allergic respiratory disease sensitized with birch pollen extract (BPE). BALB/c mice were immunized with BPE, or saline solution, and were then challenged. Micro-immunotherapy medicine pillules were diluted in water, and 3 doses (0.75; 1.5; 3 mg/mouse) were tested and compared to vehicle control (3 mg/mouse). Treatments and vehicle were orally administered by gavage for 10 days. Micro-immunotherapy medicine (0.75 mg/mouse) reduced the number of total cells as well as the levels of interleukin (IL)-13 in bronchoalveolar lavage fluid (BALF) compared to vehicle control. Eosinophils in BALF tended to be lower compared to vehicle group, and the difference is close to significance. Histological analysis in the lungs confirms a moderate effect of MIM (0.75 mg/ mice) on inflammatory infiltration and mucus production. Serum levels of IL-5 in MIM (0.75 mg/mouse)-treated mice were lower compared to vehicle; IL-4 levels tended to be lower too. Total immunoglobulin E (IgE) decreased in serum of MIM (1.5 and 0.75 mg/mouse) groups compared to vehicle control. Micro-immunotherapy medicine exerted the highest effect at the lowest dose tested. Micro-immunotherapy medicine resolved the local and systemic inflammation, even if partially, in a model of polleninduced, IgE-mediated inflammation.
Introduction
Allergic diseases represent an increasing concern worldwide. Most prevalent in the Westernized countries, these diseases are now increasing in developing countries too in parallel to socioeconomic conditions. 1 Environmental factors are mostly thought to be responsible. In particular, the prevalence of allergic airway diseases, such as allergic rhinitis (AR) and allergic asthma (AA), is increasing. 2 Allergic rhinitis is a very common disease (between 10% and 40% of the population worldwide is affected) caused by environmental aeroallergen and characterized by an immunoglobulin E (IgE)-mediated inflammation of nasal mucosa resulting from introduction of allergen in sensitized individuals. 3, 4 Allergic rhinitis was defined in 1929 as a process that involved 3 cardinal symptoms occurring with allergen exposure: sneezing, nasal obstruction, and mucus discharge. 3 The pathophysiology of AR is complex and includes activation and migration of effector cells to nasal mucosa, release of mediators (chemokines and cytokines) from inflammatory cells, and damage of the nasal epithelium. The AR reaction begins when the allergenic proteins are in contact with the nasal mucosa and are further processed by specialized cells of the immune system, initiating the production of IgE antibodies. IgE interacts with specific allergens and immune cells (mast cells and basophils) triggering a series of reactions: (1) The resident mucosal immune cells such as mast cells, eosinophils, and basophils start to release histamine as well as chemokines, cytokines, and adhesion molecules. (2) Those mediators set up the production of leukocytes in the bone marrow. (3) Circulating effectoractivated neutrophils, Th2 lymphocytes, basophils, and eosinophils are attracted into the nasal epithelium resulting in mucosal inflammation. 3 Each introduction of the allergen triggers the clinical manifestations of AR. Additionally, in patients with atopy, even in the absence of overt symptoms, levels of IgE remain high in the lymphoid tissue, causing persistent mucosal inflammation. 3, 5 Allergic asthma is a chronic airway inflammatory disease in which exposure to allergens causes intermittent attacks of breathlessness, airway hyperreactivity, wheezing, and cough. 6 The pathogenesis of AA, as well as AR, involves an initial exposure to an allergen that triggers the Th2 cell-dependent stimulation of the immune system and the production of IgE and pro-inflammatory cytokines. The exposure to allergen(s) activates mast cells, which release mediators that facilitate recruitment of other immune cell types, including eosinophils, in the airways. Lung mast cells can initiate immediate hypersensitivity responses by releasing histamine, cysteinyl leukotrienes, and cytokines such as interleukin (IL)-1, IL-3, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-13, IL-16, transforming growth factor beta (TGF-b), and tumor necrosis factor alpha (TNF-a), in response to both IgE-mediated adaptive and innate immune responses. [6] [7] [8] The management of allergic airway diseases is based on allergen avoidance, pharmacological treatment including antihistamines and intranasal corticosteroids, leukotriene receptor antagonists, mast cell stabilizers, and anticholinergics, but many patients seek complementary and alternative treatments to decrease inflammation and clinical manifestations of allergy. [9] [10] [11] The inhalation of glucocorticoid is widely used; however, it is well-known that the long-term use of high dose can cause side effects, such as bone loss, insulin resistance, and predisposition to diabetes. 11 Micro-immunotherapy (MI) is a therapeutic approach that can be used alone or in association with other therapies to offer clinical benefits while minimizing side effects. 12 Microimmunotherapy uses immunological regulators at low doses (LD) and ultra-low doses (ULD) to target the immune system and regulate immune responses in diseases without compromising immune responses nor body homeostasis. The active substances used in MI medicines are cytokines, hormones, growth factors, neuropeptides, nucleic acids, and specific nucleic acids (SNAs, Eurogentec). SNAs consist of single strands of DNA molecules, ranging from 16 to 34 bases, designed to target specifically 1 or more genes (European Patent: EP0670164B1). [13] [14] [15] 2LALERG (MIM) is notified as a homeopathic medicine and has been developed to decrease chronic IgE-mediated inflammation and symptoms of allergy. The medicine is notified by the Federal Agency for Medicines and Health Products in Belgium under notification number 1507CH119 F1. A double-blind versus placebo clinical study published in 2011, performed in a small cohort of patients affected by seasonal AR, indicates that the medicine, taken preventively 2 months before the pollinic season and during the pollen season, was well tolerated, and it could help in the treatment of AR symptoms. Micro-immunotherapy medicine significantly decreased the consumption of antihistamines and intranasal corticosteroids compared to placebo-treated patients. 16 Several allergen challenge mouse models have been developed to study allergic reactions able to reproduce airway inflammatory features mimicking AR and AA. [17] [18] [19] In this study, mice were immunized with birch pollen extract (BPE) by intraperitoneal injection; then, once sensitized, the mice were challenged for 4 consecutive days by intranasal route to set up an allergic reaction.
Micro-immunotherapy medicines are sublingually administered drugs; however, because rodents have their buccal mucosa keratinized, pillules were dissolved in pure water and administered orally by gavage. Previous in vivo study demonstrated that orally administered MIM is effective in reducing systemic and local inflammation in a model of rheumatoid arthritis. 20 The hypothesized mode of action implies the involvement of the cells of innate and adaptive immune system (macrophages, monocytes, neutrophils, dendritic cells, and T and B lymphocytes) present in gastrointestinal tract, as well as the lymphoid nodes present in the upper small intestine, along with the Peyer patches in the ileum. 21 In the current study, the authors aimed to perform a preclinical study to investigate about optimal dose and ability of MIM to inhibit pollen-induced allergic features as well as to reduce lung and systemic inflammation.
Materials and Method

Mice Model
For experiments, adult BALB/cByJ (BALB/c), 8-week-old female mice were purchased from Janvier, France, and housed at ArtImmune/CNRS (TAAM UPS44, Orleans, France) animal facility. All of the mice were kept in ventilated solid-bottom cages and housed in groups of 5 with chip bedding. All the animal experiments complied with the French Government animal experiment regulations and were approved by the "Ethics committee for animal experimentation of CNRS Campus Orleans" (CCO) under number CLE CCO 2015-1085.
Treatment
The tested MIM consists of lactose-sucrose pillules (also called globules) for oromucosal administration, impregnated with ethanolic preparations of immune mediators, and nucleic acids at LD and/or ULD. Low dose and ULD of active substances are obtained through a "serial kinetic process," consisting of a 1/100 dilution process followed by vertical shaking, reproduced a defined number of times.
Micro-immunotherapy medicine composition is expressed as centesimal Hahnemannian (CH) dilutions, and it indicates the number of times by which the 2 proceedings are carried out for each active substance. The medicine is sequentially developed to transmit consecutive information to the body, the content of each capsule being specific, and the intake should follow the ascending order indicated on the blister. The composition of the tested MIM is as follows: human recombinant (hr)-IL-1: 17 CH; hr-IL-4: 17 or 27 CH; hr-IL-5: 17 CH; hr-IL-6: 17 CH; hr-IL-10: 17 CH; hr-IL-12: 9 CH; hr-IL-13: 17 CH; hr-TNF-a: 17 CH; hr-TGF-b: 5 CH; lung histaminum: 15 CH; and SNA targeting the human leukocyte antigen type II (HLA II) SNA-HLA II: 18 CH.
Vehicle pillules were prepared using same lactose-sucrose pillules but impregnated with only the vehicle solution in the absence of any active substance. The order of administration respected the MIM sequentiality and the order from 1 to 10 indicated on the blister. Three pillules doses were used daily to test MIM in vivo: 3 mg/mouse, 1.5 mg/mouse, and 0.75 mg/ mouse. Vehicle control group received 3 mg/mouse of vehicle pillules daily.
To prepare the dose of 3 mg/mouse, the content of 1 capsule (0.38 g of lactose/sucrose pillules, MIM or vehicle) was dissolved in 25 mL of water (solution-1). The lowest doses were prepared making 1:2 dilution in water starting from solution-1. The concentrations of pillules were: 44 mM for solution-1, MIM (3 mg/ mouse), and vehicle; 22 mM for solution-2 and MIM (1.5 mg/ mouse); and 11 mM for solution-3 and MIM (0.75 mg/mouse).
In Vivo Animal Experiments
BALB/c (n ¼ 10 mice/group) at 8 weeks of age were first immunized by intraperitoneal route with BPE (10 mg/mouse, Greer Laboratories) twice, on days 0 and 14. Then, mice were challenged with BPE (10 mg in phosphate-buffered saline) from day 21 until day 24 by intranasal route. Control mice received saline solution by nasal route.
The tested MIM (0.75, 1.5, and 3 mg/mouse) and vehicle (3 mg/mouse) were given orally by gavage (200 mL of diluted pillules to each mouse) for 10 days starting on day 14 until day 24. From day 21 to day 24, mice were treated 1 hour before challenge. Budesonide (3 mg/kg, # D1756; Sigma, Darmstadt, Germany), a potent glucocorticoid used as positive control, was administered by intranasal route (40 mL in saline buffer) 1 hour before antigen challenge, from day 21 to day 24. Mice body weight was measured daily starting from day 0 until day 25. Mice were killed on day 25 to analyze the severity of allergic airway and systemic inflammation. The experimental schema is shown in Figure 1A .
Bronchoalveolar Lavage
Bronchoalveolar lavage (BAL) was performed by washing the lungs 4 times with 0.5 mL of saline solution at room temperature. After centrifugation at 400g for 10 minutes at 4 C, the supernatant (cell-free bronchoalveolar lavage fluid [BALF]) of the first lavage was collected and stored at À80 C for cytokines analysis, while the cellular pellet was used to perform the cell counts.
Cell Counts in BALF
Cells were collected from BALF sedimentation after centrifugation at 400g for 10 minutes at 4 C. An aliquot of the cell pellets was stained with Turk's solution and counted, and 200 000 cells were centrifuged onto microscopic slides (cytospin at 1000 rpm for 10 minutes, at room temperature). Air-dried preparations have been fixed and stained with Diff-Quik (Merz & Dade AG, Dudingen, Swizerland). Cell counts were made using oil immersion light microscopy.
Serum Collection and Storage
Blood was drawn from all animals by retro orbital puncture under light isoflurane (3%) anesthesia into tubes without anticoagulant. Blood tubes were centrifuged for 10 minutes at 5000 rpm (Eppendorf) 4 C, and serum obtained was frozen immediately without any further treatment and then stored at À80 C until further analysis. 
Cytokine Evaluation in BALF and in Serum
Total IgE in Serum
Total IgE concentration in serum was evaluated by Multiplex immunoassay (Milliplex; Millipore) using MagPix reader (Bio Rad).
Histological Analysis
Mice were killed under isoflurane exposure at day 25, and then the lung tissues were collected. The left lung of each mice was removed and conserved in formaldehyde 4% and embedded in paraffin for histopathological analysis. Lung tissues from BPE þ vehicle group (n ¼ 10) and MIM (0.75 mg/mouse; n ¼ 10) were cut into microslices (3 mm) and stained with periodic acid-Schiff (PAS). Slides were scanned with a Leica DM6000B microscope (Leica Microsystems, Milton Keynes, United Kingdom) (Â40 magnifications, scale bar 100 mm). Three images per mouse and all 10 mice were analyzed.
Inflammatory and mucus scores were graded. Inflammatory score was calculated as follows: 0 ¼ no inflammation, normal lung; 1 ¼ moderate cells infiltration in total lung; 2 ¼ moderate cells infiltration particularly around blood vessels and bronchi; 3 ¼ increased cells infiltration around blood vessels and bronchi and infiltration in lung parenchyma; and 4 ¼ increased cells infiltration in lung parenchyma and structure damage of lung.
The mucus secretion was assessed on PAS-stained sections and consists in general of mucopolysaccharides staining at the apical pole of goblets cells in the peribronchial area, which was graded using a semi-quantitative score from 0 to 5 with increasing grade of infiltration by 2 observers independently as follows: 
Results
Reduction of BPE-Induced Lung Inflammation by MIM
Weight values were expressed in percentage (%) of weight at day 0 (100%) to evaluate the body evolution during the experiment, before, and during treatment. At day 14, there were no statistical differences between the groups. Vehicle administration did not influence body weight in saline þ vehicle mice, neither in BPE þ vehicle mice: There was no difference in weight measured in mice before (from day 0 to day 13) and after (from day 14 to day 25) treatment (data not shown).
At day 25, BPE þ budesonide mice showed a significant reduction in body weight compared to BPE þ vehicle control mice, while MIM at the dose of 3 mg/mouse induced a slight increase in body weight. There is no statistically significant difference between saline þ vehicle and BPE þ vehicle groups, neither between MIM (0.75 or 1.5 mg/mouse)-treated BPE mice and vehicle-treated BPE mice ( Figure 1B) .
To evaluate the extent of airway inflammation, and determine the therapeutic effect of MIM on the inflammatory response, total cell and eosinophil counts in the BALF of mice were measured. Birch pollen extract þ vehicle group had a clear increase in number of total cells compared to saline þ vehicle group and an increase in eosinophils as well. As expected, in positive control group (BPE þ budesonide), lower number of total cells and of eosinophils were observed in BALF than BPE þ vehicle group. Treatment with MIM (0.75 mg/mouse) induced a significant reduction in the number of total cells compared to BPE þ vehicle (Figure 2A ).
Number of eosinophils in BALF tended to be lower in MIM (0.75 mg/mouse)-treated mice than BPE þ vehicle mice, reaching almost significant difference (P ¼ .06; Figure 2B ).
Pulmonary Inflammation and Mucus Secretion Are Slightly Reduced by MIM
Histological analysis showed no effect on pulmonary inflammation or mucus production ( Figure 3A and B) .
Inhibition of BPE-Induced Th2 Cytokine Concentrations in BALF by MIM
Pro-inflammatory Th2 cytokines IL-5, IL-4, and IL-13 increased in BALF of BPE þ vehicle group compared to saline þ vehicle group. Mice treated with budesonide reduced their level of cytokines in BALF compared to BPE þ vehicle group ( Figure 4A-C) .
Interleukin-13 levels were significantly lower in MIM (0.75 mg/mouse)-treated mice than in BPE þ vehicle group ( Figure  4A) , while a trend toward lower levels in both MIM at 1.5 mg/ mouse and MIM at 3 mg/mouse groups compared to BPE þ vehicle was observed.
Interleukin-5 levels in MIM (0.75 mg/mouse)-treated mice were found to be lower than BPE þ vehicle-treated mice, with a near-significant trend close to significance (P ¼ .08; Figure  4B ). Interleukin-4 levels have a tendency to be lower in MIMtreated groups compared to vehicle group but without significance ( Figure 4C ).
Inhibition of BPE-Induced Circulating Th2 Cytokine Levels by MIM
Birch pollen extract-immunized mice receiving vehicle showed a significant increase in circulating IL-4 and IL-5 in comparison to saline þ vehicle control group, as expected. Budesonide treatment significantly decreased the levels of both cytokines compared to BPE þ vehicle ( Figure 5A and B) . Interleukin-13 was measured but was not detectable in any groups (data not shown).
Micro-immunotherapy medicine (0.75 mg/mouse) treatment decreased serum levels of IL-5 compared to vehicle (Figure 5A) . The levels of IL-4 tend to be lower in MIM (0.75 mg/ mouse)-treated mice than in vehicle control mice, but no significant difference was found (P ¼ .11; Figure 5B ).
Inhibition of BPE-Induced Circulating Total IgE Levels by MIM
Total IgE were found increased in BPE-immunized mice receiving vehicle compared to saline þ vehicle control. Budesonide treatment significantly decreased the serum levels of IgE compared to BPEþ vehicle ( Figure 5C ).
Two groups treated with MIM (1.5 and 0.75 mg/mouse) responded with a significant reduction in IgE compared to vehicle group, while the mice treated with the highest dose of MIM (3 mg/mouse) did not show a reduction in their IgE serum levels ( Figure 5C ).
Discussion
In the current study, authors wanted to examine optimal dose and in vivo effect of oral administered MIM on IgE-mediated inflammation in a mouse model of pollen-induced allergic inflammation.
To test the effect of MIM, a vehicle control was included in the experiment. It consisted of lactose-sucrose pillules without active substances that were administered in BPE-sensitized mice at the dose of 3 mg/mouse. The intake of that dose of sugar can be considered appropriate and low enough to avoid interference with sugar metabolism or sugar-induced inflammation since composition of low-sugar diet in mice contains about 50 g/kg of sucrose, 22 corresponding to an intake of about 1 g/mouse. Body weight in saline þ vehicle and BPE þ vehicle groups was not impacted at the end of the study by the intake of the vehicle.
The mouse model sensitized and challenged with BPE, receiving vehicle, developed the common clinical features of AR and AA: The number of total cells and of eosinophils, as well as the levels of IL-5, IL-4, and IL-13, measured in BALF were significantly higher than in BALF of saline þ vehicle control group. Furthermore, serum levels of IgE and Th2related cytokines (IL-4 and IL-5) were increased in BPE þ vehicle group compared to saline þ vehicle control group.
Despite their adverse effects, glucocorticoids still remain the main anti-inflammatory treatment used to control and limit allergic symptoms. [9] [10] [11] 23 The in vivo study included a positive control group treated with a potent glucocorticoid, budesonide, which was administered in mice via the classical nasal route. 23 Budesonide-treated mice reduced their levels of Th2 cytokines in BALF and in serum as well their levels of cells and eosinophils in BALF compared to BPE þ vehicle; serum levels of IgE were also decreased in comparison with vehicle control group. Budesonide-treated mice exhibited a reduction in their body weight starting from the first day of treatment. At day 25, body weight in BPE þ budesonide group was significantly lower than weight measured in BPE þ vehicle group ( Figure 1B ). It has also been reported in clinical study that there is some association between a lower growth rate and a high dose use of inhaled glucocorticoids in children. 24 On the other side, MIM (3 mg/mouse) treatment has slightly increased mice body weight, while the other 2 MIM doses tested have not influenced mice weight ( Figure 1B) .
Micro-immunotherapy medicine was formulated to help patients in the management of clinical manifestations of allergy and in the prevention of severe allergic reactions. Microimmunotherapy medicine uses ULD of hr-pro-inflammatory cytokines involved in the establishment of the chronic IgEmediated inflammation: IL-1b, IL-4, IL-5, IL-6, IL-10, IL-12, TNF-a, and IL-13 3,7,8 to counteract their overexpression Figure 3 . Effect of micro-immunotherapy medicine (MIM) in inflammatory infiltration and mucus production. Inflammatory score (A) and mucus production score (B) in birch pollen extract (BPE) nontreated mice and MIM (0.75 mg/mouse)-treated mice. (C) Representative images of AB-PAS staining. Mucus was found in the alveolar cavity of both the groups; however, in the MIM-treated mice, a tendency toward less mucus production has been observed. Scale bar ¼ 100 mm. and reduce allergic immune reactions and the associated symptoms. Micro-immunotherapy medicine uses as well ULD of SNA targeting HLA II molecules. Human leukocyte antigen II proteins are crucial to the functioning of the immune system and in the initial antigen presentation to T cells 25 ; however, they are also implicated in the development of allergy because they are indispensable in the T cell-B cell interactions that drive IgE production. 26 Ultra low dose of SNA-HLA II aims to control the overexpression of HLA II molecules and limits the IgE secretion and the IgE-mediated allergic responses. Ultra low dose of lung histaminum is used to inhibit the degranulation of basophils, 27 while LD of TGF-b aimed to sustain TGF-b actions: suppression of T cells-mediated inflammation, activation of regulatory T cells, and promotion of tissue repair. 28, 29 The hypothesized mode of action of ULD and LD used in MIM might be explained with the concept of hormesis, also known as a biphasic dose-response relationship that differentiates dose-induced biological effects in 2 doses zones: the traditional and well-known effects due to high doses; the underestimated and often unknown effects induced by LDs. 30 Hormesis, introduced for the first time 130 years ago by Schulz, has been studied and reintroduced by Calabrese, and it is becoming more and more familiar in several areas of toxicology and pharmacology. [30] [31] [32] In spite of the large documentation that showed hormesis mechanisms in many fields (cellular biology, microbiology, medicine, nutrition, plant biology), there is still much to achieve about the therapeutic potentials of LDs.
The aim of the study was to perform a preclinical study to evaluate best lactose-sucrose pillules dose among the 3 tested (0.75; 1.5; 3 mg/mouse) and in vivo effects of the MIM on IgEmediated inflammation. Authors are aware that more investigations are needed to understand molecular mechanisms and biological effects exerted by LD and ULD.
The tested MIM, at the dose of 0.75 mg/mouse (corresponding to a concentration of 11 mM), has reduced the number of total cells (Figure 2A) as well as the levels of the Th2 cytokine IL-13 in BALF compared to BPE þ vehicle control ( Figure  4A ). Although not reaching significance, eosinophils in BALF tended to be lower, and the difference is close to be statistically significant (P ¼ .06; Figure 2B ). Interleukin 13 is involved in the effector phase of allergic response, and it induces airway hyperresponsiveness, mucus production, and airway obstruction as well as smooth muscle hyperplasia. 33 To evaluate the presence of inflammatory cells and mucus in lung and to confirm the local effect of the lowest tested dose of MIM, histological analysis was performed in BPE þ vehicle and BPE þ MIM (0.75 mg/mouse) groups. Histology results revealed no significant effect on pulmonary inflammation or mucus production, but the arbitrary visual score used was probably not appropriate ( Figure 3A and B) .
Levels of IL-5 in BALF of MIM-treated mice tended to be lower than in vehicle BPE-sensitized mice, and the difference between MIM (0.75 mg/mouse) and BPE þ vehicle groups is close to significance (P ¼ .08; Figure 4B ). There is a trend toward lower level of IL-4 in BALF in MIM-treated mice compared to vehicle, but no statistical differences have been found ( Figure 4C ).
The allergic airway inflammation seems not to be completely resolved by the oral-administered MIM; however, the results suggest that the lowest dose tested has the higher local effects. The impact on systemic inflammation has been investigated by measuring Th2 cytokines and total IgE in serum. Birch pollen extract-immunized mice receiving vehicle showed a significant increase in circulating IL-4 and IL-5 compared to saline þ vehicle control. Total IgE were increased too.
Micro-immunotherapy medicine (0.75 mg/mouse) treatment decreased IL-5 level in serum compared to vehicle, while just a trend was found in the other 2 MIM-treated groups (Figure 5A) . Interleukin-5 plays a key role in mobilization of eosinophils from the bone marrow to the site of inflammation. 34 Indeed, lower number of eosinophils in BALF has been observed in MIM (0.75 mg/mouse)-treated mice, and difference is at the very edge of significance ( Figure 2B ). , and immunoglobulin E (IgE) (C) measured in all mice groups (n ¼ 10 per group). Cytokines and total IgE were found increased in birch pollen extract (BPE)-immunized mice receiving vehicle compared to saline þ vehicle control (A-C). Budesonide treatment significantly decreased the serum levels of cytokines and IgE compared to BPE þ vehicle (A-C). The IL-5 levels were significantly lower in MIM (0.75 mg/mouse)-treated mice than in BPE þ vehicle group (A). Two groups treated with MIM (1.5 and 0.75 mg/mouse) responded with a significant reduction in IgE compared to vehicle group (C). *P < .05; ** P .01; *** P .001; **** P .0001.
